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MACHINE MANAGEMENT SYSTEMS AND 
MONITORING METHODS 



BACKGROUND OF THE INVENTION 

The inventioii relates to machine management systems and tnonitoiing 
methods. In particular, the invention relates to process management systems and 
methods^ for machines, manu&ctuiing equipment, and other su&h systems. 

Opersitioiu of process machinery are known to have been monitored 
5 for process variables, including raw material inputs production output, and other 
process variables. For example, if a machine is an extruder, the raw material input 
and extruded production output can be monitored and measured. Also, machine 
process variables, includin^g temperature of a melt unit, roller speed, roller pressure, 
and other process variables that may influence the extruder operation may be 
10 monitored and possibly measured. These process variables are recorded* sometimes 
automatically, to provide a historical record of the extruder's operation. 

The process variable information typically has not been provided in an 
analyzed and evaluated form for enhancing process or machine operations. Any 
analyzing of process variable information is usually manual. This nature of analyzing 
15 is costly, time-consuming, and because of the type of analyzing, may lead to enon in 
the evaluation and analysis of the information. Thus, a need exists for a process and 
system that provides variable machine process infonuaiion to the operator to enhance 
their operation. 

SUMMARY OF THE INVENTION 

20 A monitoring system for at least one of monitoring and controlling 

operation of a machine comprises at least one sensor assembly enable of being 
disposed on the maddne for at least one of sensing, monitoring, and transmitting 
machine process variables of the machine, the at least one sensor assembly being 
capable of transmittuig signals concerning the machine process variables; at least one 

25 machine operator control unit that is capable of receiving signals transnuttcd from the 
at least one sensor assembly, the at least one machine operator control unit being 
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capable of generating information concerning machine piocess variables; al lea&t one 
process management system control unit that is capable of being connected to the at 
least one machine operator control unit; at least one communications link that 
interconnects the at least one sensor assembly on the machine^ the at least one 
5 machine operator control unit, and the at least one process management system 
control unit, each communications Imk capable of enabling the at least one process 
management system control unit to obtain the information concerning machine 
process variables. The at least one the pirx^ess management system control unit and 
the machine operator control unit are capable of analyzing and evaluating machine 
1 0 process variables to control the operation of the machine. 

Another aspect of the invention sets forth a system for at least one of 
monitoring and controlling operation of a machine. The system includes sensor 
means that is disposed on the machine for at least one of sensing, monitoring, and 
transmitting machine process variables of the machinOt the sensor means being 

15 capable of trdnsmitling signals concerning the machine process variables; machine 
operator control means for receiving signals transmitted from the sensor means, the 
machine operator control means being cqjable of generating information concerning 
machine pxoceas variables; process management system control unit means for being 
connected to the machine operator process control unit means; communications link 

20 means for interconnecting the sensor means on the machine^ the machine operator 
process control unit means, and the process management system control imit means» 
each communications Imk means enabling the control unit means to obtain the 
infonnation concerning machine process variables. The control unit means and the 
machine operator process system control unit means is c£^able of analyzing and 

25 evaluating machine process variables to control the operation of the machine. 

Also, the invention provides a method for monitoring and controlling 
operation of a machine. The method comprises disposing at least one sensor assembly 
on the machine; sensing, monitoring, and transmitting machine process variables of 
the machine; connecting each sensor assembly to a process control unit and a machine 
30 operator control unit; receiving sipals transmitted from the at least one sensor 
assembly by at least one of the process control unit and the machine operator control 
unit; generating infonnation concerning machine process variables by at least one of 
the process control unit and the machine operator control unit; and analyzing and 
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evaluadng machine process variables by at least one of the at least one process control 
unit and the machine operator control unit to control the operation of the machine. 

These and other aspects, advantages and salient features of the 
invention will become apparoit from the following detailed description, which, when 
5 taken in conjunction with the annexed drawings, where like parts are designated by 
like Inference characters throughout (he drawings, disclose embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a schematic illustration of a process management system* as 
1 0 embodied by the invention; 

Figure 2 is a schematic illustration of a process managraient system, as 
embodied by the mvention, with an extruder; 

Fijjure 3 is a schematic illustratioTi of an extriider for a process 
man^ement system, as embodied by the invention; and 

1 5 Figuie 4 is an exemplary web page for a process management system, 

as embodied by the invention. 

DETAILED DESCRIPTION OF THE INVENHON 

The process machinery monitoring and management systems and 
methods (hereinafter "process management system**), as embodied by the invention, 

20 monitor and record process machinoy operational parameters^ products produced, and 
other variable information* analyze and evaluate the process variable information, and 
provide diis mformation for enhancing operations of the process machineiy. The 
process variable information is analyzed and evaluated^ for example using at least one 
of quality tools and mcfliods, data monitoriiig tools and methods, process 

25 managemicnt tools and methods^ and predictive engineering tools and methods 
(hereinafker referred to as "analytical tools"). The analytical tools and their associated 
methods include tnmsfer functions and data mining algorithms for evaluating and 
analyzing the process variable information. The transfer functions and data mining 
algorithms interrelate the variable process information with each other and the 
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analytical tools, and may provide process recommendation that can enhance the 
process and the machine operation. 

The process management system is adapted to be operatively 
connected to a machine, far example at least one of an extruder, a roll fbnncr, 
5 injection molding machine, and other such machines and manufacturing systems. The 
following description of the process management system will refer to an extruder, 
however this machine is merely exemplary and is not meant to limit the invention in 
any way. In the description of the process management system, a "machine operator'* 
means an entity that operates the machine, and a ""management system operator'* is an 

1 0 entity that operates the process management system that monitors, records, analyzes, 
evaluates, and provides process recommendations. Also, in the description of the 
process management system, the machine operator and management system operator 
will be discussed as separate entities, however this is merely exemplary, and is not 
meant to limit the invention in any way. The machine operator and the process 

15 management system operator can be the same entity^ so the machine operator can 
monitor their own process machinery. With the process management system operator 
being the same entity as the machine operator, value can also be realized from the 
process management system. The management system operator can alternatively 
offer the process management system as a service tool to one or more process 

20 machine operators. Thus, the process management system owner can establish an 
alliance with its customera. 

The process management system can be based on remote monitoring of 
processes, inventories, product and market infonnation, raw material information, and 
key financial targets, when the process manag^ent system is used as a service 

25 product. Hardware for the process management system* such as sensor assemblies, 
computers, and data systems, and any process management system software, 
including but not limited to» transfer functions, data acquisition software, date mining 
software, and analysis software need not be visible to the machine operator. 
Accordingly, all but the results of the process management system can be invisible to 

30 the machine operator. The machine operator may singly use Qie process tnaoagement 
system processed variable infonnation to enhance operation of the process machinery 
and not be concerned with the process machinery monitoring and management 
systems and methods. Of course, if the machine operator is the same entity as the 
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process machinery monitoring and management system and method owner, the results 
are owned by the same endty. 

The process management syst^ used as a scr/ice will be cqiable to 
provide remote monitoring and management of the machine and process smd products. 
5 The teim ''capable*' as used in this application means that the associated feature can, if 
properly used, accomplish, permit, or provide the disclosed property or fimction, even 
if not done, for example, and in no way limiting of the invention, the process 
management system can use communications links to connect the machine operator to 
the process management system owner. The communications links (to be described 

10 m further detail hereinafter) can provide real-time and near real-time analyzed and 
evaluated process variable information, in which the term '"real-time" means diat any 
delays from the time the process variable infoimation is monitored, evaluated and 
analyzed, and then made available to the machine operator is mlnimfll, for example on 
the order of minutes, and possibly a few seconds, or even longer if the need for the 

15 information is defmed as such and the data may still be relevant and of value to the 
interested party, if any delay is present. Also, the term real time can mean a time 
required by aprocess management system user to obtain data. 

The process management system may also provide an ability for at 
least one of the machine operator and process management system owner to interact 

20 and update, change or otherwise modify and control the evaluation and analytical 
operations of the process management system, in addition to the control of the process 
machine. Alternatively, and possibly in combination with the machine operator 
interacting with the process management system, the process management system 
operator may be able to interact with, and possibly control operations of the machine, 

25 in response to the evaluated and analyzed information. Thus, the process 
management system operator can control the operations of machines without the 
machine operator continuously monitoring the process machine. Further, the process 
management system may also provide an ability for others, such as, but not limited to, 
financial parties, regulatory agents, production persormeU or others eonnected to the 

30 process management system to gain access t the information, if desired. 

This interaction may be beneficial to permit immediate control of the 
machine and to avoid the process machine's product or output ftom being something 
other than a desired product (also known as an "enhanced output" of the process 
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machine). The tenn ''enhanced output'* means a product is produced meeting all 
necessary standards and requisites for the product using an efficient and desirable 
combination of process variables. For exaniple, and in no way limitmg of the 
machine, if the machine produces pipe, a desirable pipe has a constant wall Ouckness 
5 within a pipe wall thickness plus or minus an allowable wall variance. If the 
process management system determines that the pipe wall thickness is lower than the 
pipe wall thickness and outside of the allowable wall variance, the process 
management system may interact with the machine, either directly or through the 
machine operator (to be described hereinafter), to correct the pipe wall thickness, and 

1 0 avoid pipe that does not meet its standards. Similarly, if the wall of the pipe is being 
produced with a thickness that is greater than the pipe wall thickness ^" too much 
material is being used to make tiic pipe, and resources may be wasted. Accordingly, 
the process management system may interact with the machine to correct the pipe 
wall thickness and avoid waste of materials. Further, the process variaibles may 

15 influence one another in the machine process, so the process management system, as 
embodied by the invention, controls process variables so that they do not adversely 
influence other process variables. 

The process management system 1, as embodied by the invention^ will 
be described with reference to the figures* The process management system 1 

20 comprises a process machine 10^ for example an extrude^ a roll former^ injection 
molding machine, and other such machines. The following description of the process 
management system 1 will refer to an extruder as the process machine 10, however 
this is merely exemplary and is not meant to limit the invention in any way. The 
process machine 10 is schematically illustrated as one ractruder, however the process 

25 machine, ds embodied by the invention, may comprises one or more process 
machines. 

The process management system 1 fiurther comprises communications 
links 1 1 that connect at least one process variable sensor assembly 12 (often referred 
to as a "sensor module'* of the process machine 10 to a process machine data module 
30 13. Other communications links 1 1 connect components of the proems management 
system 1 to one another as discussed hereinafter and as illustrated in the figures. The 
at least one process variable sensor assembly 12 measures al least one process 
variable of the process machine 10 and comprises communication connections to 
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transmit the measured process variable through the commumcalions link 11. The at 
least one process variable sensor assembly 12 comprises a suitable sensor assembly to 
determine the appropriate process variable (to be described hereinafter). 

The communications hnk 1 1 described hereinafter^ includes, but are 
5 not limited to, at least one of a phone modem, networic connection* hardwired 
connections^ such as cables, connectors, dedicated phone lines, fiber-optic lines, and 
similar hardwired comiections, wired and wireless Ethernet signals, short-wave 
signals, wired and wireless Internet and web signals, and other wireless connections 
radio communication and other wireless communication systems^ cellular 

10 commimication, satellite communication, web access communication, and Internet 
access communication, and combinations diereof The above arc merely exemplary 
and arc not meant to limit the invention in any way. The communications links 1 1 
can be provided to any entity or user that would like to view the information, in which 
the entity or user can employ any communications link within the scope of the 

15 invention, as described herein. The communications links 11 provide two-way 
communication from the machine to a connected entity, as described hereinafter. The 
two-way communication can be provided by any appropriate communication mode, 
for exarr^lc, but not limited to email, radio, satellite, facsimile, hardwired 
communications, voice mail, alarms, mail, and combinations theroof. 

20 The process machine data module 13 comprises a device that can 

collects, records, and stores process variables communicated over the communications 
link 1 1, such as £rom a process variable sensor assembly 12. For example, and in no 
way limiting of the invention, the process machine data module 13 comprises at least 
one of a computer chip, microprocessor, programmed logic chip (PLC), embedded 

25 chip, analog/digital (A/D) module and network module, an ASIC, and other such 
microprocessing units. The process machine data module 13 is enable of connection 
to and for receiving one or a plurality of communications lijiks 11 from sensor 
assemblies 12 on the process machine 10. 

The process management system I also comprises a machine operator 
30 control unit IS tiiat can be in communication with the process machine data module 
13. The machine operator control unit 15 is in communication with the process 
machine data module 13 over communications link 1 1 . The machine operator control 
unit IS is also capable of being in communication over communicatiions links 1 1 to a 



7 



06.06.Z007-17:14 



+49 9283 77 512633 



REHAUl 



S. 22/57 



WO 01/44883 PCTAJSOO/32790 

service center 20, a web site 30, a process management system control unit 40, a ra(w 
material data source unit 50, a raw tnaterial vendor source unit 6Q» and a maiket 
information source unit 70 (the interaction and details of which will be described 
hereinafter). The machine operator conlrol unit 15 is in communication with die 
5 above features of the procesa management system 1 over at least one communications 
Knkll. 

The machine operator control unit 15 may also be able to provide a 
feedback capability for the machine operator to communicate with at least one of the 
process machine data module 13, seivice center 20, a web site 30, a process 
1 0 management system control unit 40, a raw material data source unit 50, a raw material 
vendor source unit 60, and a market information source unit 70. Thus, the machine 
operator is able to interact and provide feedback with features of the process 
management system 1 . 

The process management system 1 may further comprise a 
15 communications link 11 between each of the machine operator control unit IS and 
process management syston control unit 40 (hereinafter ''control unit") and the raw 
material data source unit 50, the raw material vendor source unit 60, and the market 
infbnnation source unit 70. Accordingly, the process managraient system 1 provides 
direct raw material and market input, without delays that arc typical with prior raw 
20 material information, such as information provided in writtoi reports, market analysis, 
and the like. 

The process machine 10 may transfbrm, form, create, or manufacture a 
product. When the process machine 10 comprises an extruder, as in an exenQ)lary 
form of a process machine 10, the extruder is provided with a raw material. The raw 
25 material is mehed or undergoes other physical or chemical transformations, chemical 
reactions, or other changes into die product (hereinaAer 'Iransfomiations"). 

The process machine 10 generally forms the raw material into the 
product by a transformation that occurs within certain process variable ranges. The 
transformation of the raw material into the product is desirably conducted within 
30 preset process variable ranges, which enhance efficiency of the process machine's 
operations and product output* A change in one process variable outside of a preset 
process variable range may effect the tronsfonnation of die raw material into the 
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product Further, a change in one process variable outside of the preset process 
variable range may necwsitate a change in one or more of the other process variables 
for the process machine 10. In some instances, a change in one process variable 
outside of the preset process variable range may cause the product produced by the 
5 process madiine 10 to be undesirable in some manner^ and may cause the product to 
be scr^vP^^ Ther^re, the process variables for the process machine 10 are 
momtored for compliance with the preset process variable ranges. The process 
variables are controlled within these certain ranges by the process management 
system I to enhance the efficiency of the process machine 10 and to increase the 
1 0 output of the process machine 10, 

If the process machine 10 comprises an extruder, raw material can be 
formed into a product, such as, but not limited to, a pipe. Figures 2 and 3 
schematically illustrate an extnider 100, as embodied by the invention. The extruder 
100 can comprise, but is not limited to a skin-forming unit 101 and a foam-fbrmii^ 

1 5 unit 102. For example, the extruder 1 00 may only include the foara-foiming unit 102, 
and need not include the stcin-forming unit The following description will discuss an 
extruder 100 with both units, however, this b merely exemplary and is not intended to 
limit the invention in any manner. The skin-forming unit 101 is provided with raw 
material 103 that is fed to a receiving chamber 104. The raw material 103 is moved 

20 through the skin-fonning unit 101 by a motive device 105 that drives an appropriate 
conveyance device, such as, but not limited to a screw conveyor (not illustrated). The 
motive device 105 may comprise any appropriate motive device whose speed is able 
to be controlled, including, but not limited to, a step motor, a direct drive motor, and 
similar such motors. 

25 in Fig. 3, the raw material 103 is mehed in the skin-forming unit 101 

as it is moved from the receiving chamber 104 through individual units 106 of the 
skin-forming unit 101. The units 106 of the skin-fismiing unit 101 may comprise at 
least one of units that apply heat to melt the raw material 103, apply pressure, such as 
one of positive or negative pressure^ on the raw material 103, and units that both 

30 spply pressure and heat to mek the raw material 103. 

The fbam-forming unit 102 is formed similar to the skin-fonning unit 
101. Tlie foam-forming unit 102 comprises is provided with raw material 113 that is 
fed to a receiving chamber 114, The raw material 113 is moved throui^ the foam- 
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forming unit 102 by a motive device 115 that drives an appropriate conveyance 
device, such as, but not limited to a screw conveyor (not iUustratod). The motive 
device 115 may comprise any appropriate motive device whose speed is able to be 
controlled, including, but not limited to, a step motor, a direct drive motor, and similar 
5 such motors* 

The raw material 113 is melted in the foam-fbnning unit 102 ad it is 
moved from the receiving chamber 114 through individual units 1 16 of the foam- 
forming unit 102. The units 106 of the foam-forming unit 102 may comprise at least 
one of units that ^ply heat to melt the raw material i 13» apply pressure, such as one 
10 of positive or negative pressure* on the raw material, and units that both apply 
pressure and heat to melt the raw material 1 13. 

The foam-forming unit 102 and the sldn-forming unit 101 ore 
connected at a joining chamber 118. The joining chamber 118 receives raw material 
103 and 113 firom each of the foam-forming unit 102 and the skin-forming unit 101 
15 and mixes the raw materials togedier to form an intermediate product nxaterial. The 
joining chamber 1 18 can apply heat to tiie intermediate product material, can apply 
pressure, such as one of positive or n^ative pressure, to the intennediate product 
material, and can apply both heat and pressure to the intermediate product material. 

The joining chamber 118 leads to general-sh^ng chambers 131 and 
20 132. These general-shaping chambers 131 and 132 extrude an intermediate product 
material 133 with a general shape that is approximately similar to the final desired 
shape of the product. The general-shaping chambers 131 and 132 can apply heat to 
the intermediate product material, can apply pressure, such as one of positive or 
negative pressure, to the intermediate product material^ and can apply both heat and 
25 pressure to tiic Lotexmediate product material For example, if the product is a pipe, 
the extruded general shape is that of a pipe, with dimensions of the intermediate 
product material 133 that are close to the desired dimensions of the final pipe. 
Altematively» if the product comprises an intricate complex extruded article, such as a 
molding for windows, the general-shying chambers 131 and 132 extrude an 
30 intennediate product material 133 with an approximate shape and dimensions that are 
close to those of the desired product 
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The gctt^-aiiapiiig chambers 131 and 132 extrude the intermediate 
prxMluct material 133 to a final unit 140» such as a cooling bath. The final unit 140 can 
comprises a device that applies pressure^ such as one of positive or negative pressure, 
to the intermediate product material 133 and fonns the extruded fmal product 141 
5 with its desired final shape, dimensions, and configuration. The final shaper 140 
^plies pressure Lo the extnided intennediate product material 133, and may apply 0( 
remove heat to assist in the formation of the extruded final product. 

A roller assembly 150 or other fmal motive device, such as but not 
limited to a gripper device, moves the extruded final product 141 fium the final 

10 shaper. The roller assembly 150 comprises at least one roller IS I for moving the 
extruded fmal product 141 fiom the extruder and possibly applying pressure (or 
fiirther forming of the product. As illustrated in Fig. 3t the roller assembly is 
illustrated widi two rollers 151 diat rotate in the direction of arrows 1S2, so as to 
move the extruded final product 141. The rollers 151 may be internally cooled, for 

15 example by coolant inside the rollers. The rollers 151 can cool (if the tollers 151 arc 
cooled) the extruded final product so that it is more readily handled without adversely 
affecting the shape of the extruded final product 141 if it were still hot ftom the 
melting and pressure during the extrusion process. For example, water may be fed 
into the rollers 1 51 to cool the ractruded final product 141 . 

20 Alternatively, a separate device 160 may be provided for cooling 

and/or cutting the extruded fmal product 141 when the extruded final product 141 
exits the final shaper 140. The device 160 may comprise a blower, coolant sprayer^ 
chiller unit, and similar unit thai cools the extruded final product 141 for case of 
handling, in combination with cutting means lo provide a product of desired length. 

25 The separate cooling device may be provided in a process management system 1 
widiout the rollers 151 being cooled or in combination with the rollers 151 being 
cooled, if the s^arate device 160 is a cooling device. 

Eacb of the components of the extruder 100 is provided with a sensor 
aasembly 12 for the process management system 1 that is in communication with and 
30 connected to a communications link 11, as illustrated in Fig. 1. Figure 3 illustrates 
one individual sensor assembly for each con^nent of Ihe extruder 100. While the 
figure illustrates an individual sensor assembly for each component, the configuration 
is merely exemplary and is not intended to limit the invention in any manner. The 

11 
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scope of the invention includes sensor assemblies only on some of the cooQponcnts of 
the extruder 100 so that mcnitoriog of the process variables» as embodied by the 
invention, is possible. 

The sensor assemblies 12 for the process management system 1 
5 comprise raw material sensor assemblies 121 that monitor and measure amounts at 
least one of raw materials provided to the skin-forming unit 101 and a foam- forming 
unit 102 and the rates of providing the materials. The sensor assembly 121 may 
comprise at least one sensor assembly for measuring variables such as weight, flow, 
and the like of raw materials 103 and 1 13| a flow sensor assembly for measuring the 
10 amomits of raw materials delivered to the skin-fomung unit 101 and a foam-forming 
unit 102, and eombinaiions thereof The raw material sensor assemblies 121 may take 
any appropriate form that fulfills its flinctions. 

The raw material sensor assemblies 121 may also comprise a sensor 
assembly that fulfills the above-discussed functions, along with a raw material amount 

IS controlling flmetion. In this fom of raw material sensor, the sensor ass^bly 121 can 
control the actual amount of raw material fed to each of the skin-forming unit 101 and 
a foam-forming unit 102. For example, if the sensor assembly 121 comprises a flow 
sensor, the contEolling feature is acconxplished by pennitting the sensor assembly to 
control flow cates to each of the skin-foimii:^ unit 101 and foam-forming unit 102. In 

20 this exemplary scenario, the sensor assembly can comprise at least one of a flow 
sensor assembly lhat can detcnnine how much raw material has passed to one of the 
skin-forming unit 101 and foam-fomung unit 102, and adjust flow so a desired 
amount of raw material is provided. This controlling function can be aulomatically 
provided by at least one of the process management system 1, by the extruder 100 

25 operator after being alerted by the process management system 1 , and by the service 
center 20, as described hereinafter. Each sensor assembly 121 is connected to a 
communications link II that ia in communication with the module 13 of the process 
management system 1. 

The process management system 1 also includes sensor assemblies 122 
30 that are in communication with and connected to the motive device 1 OS and 115. The 
sensor assemblies 122 measure at least one of the number of roller ISl rotations per 
unit time lhat are measured by sensor assembly 128^ an energy draw of the motive 
device lOS and 11S» and speed at which the raw materials are fed and processed by 
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each of the skin^fonning unit 101 and a foam-fonning unit 102. Further, the sensor 
assemblies 122 can be configured within the scope of the invention for controlling the 
speed of the motive device 105 and 113, and thus controlling the speed of raw 
materials fed and processed by each of the skin-forming unit 1 0 1 and a foam-forming 
5 unit 102. This contiDiling function of the sensor assemblies 122 can also be 
automatically provided by at least one of the process management system 1, by the 
extruder 100 operator after being alerted by the process management system 1, and by 
the service center 20. Each sensor assembly 122 is connected to a communications 
link 11 that is in communication with the module 13 of the process management 
10 system 1» 

The extruder 100 further comprises sensor assemblies 123 that are 
connected to the receiving chamber 104 and 1 14. The sensor ass^lies 123 monitor 
and measure the amounts of raw materials that are fed to the receiving chamber 104 
114. 

15 The process management system 1 also includes sensor assembly 124 

on one or more of the individual units 106 and 1 16. The sensor assembly 124 is in 
communication with the units 106 and 1 16 and monitors at least oue of a temperature 
of the unit 106 and 116, beat applied, temperature of the row material melt» and 
pressure applied or developed. Thus, the sensor assembly 124 can comprise a single 

20 multi-purpose sensor. Alternatively, the sensor assembly 124 comprises multiple 
sensor assemblies each of which can measure and monitor one or more of heat 
^lied, temperature of the raw material melt, and pressure applied or developed. 

The sensor assembly 124 may also be capable of controlling at least 
one of a temperature of the unit 106 and 116, heat applied to the raw material and raw 

25 material melt, temperature of Ae raw material melt» and pressure applied or 
developed. For example, if the sensor assembly 124 oompiises a thermostat, the 
controlling feature pennits that sensor assembly 124 to adjust the heat applied at the 
section 106 or 1 16. Further, if the sensor assembly 124 comprises a pressure-sensing 
device, the controlling feature may pcmiit adjushnent of the apphed or developed 

30 pressure. This controlling function can be automatically provided by at least one of 
the process management system 1, by the extruder 100 operator ailer being alerted by 
the process management system 1, and by the service center 20, as described 
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hereinafter. Each sensor assembly 124 is connected to a communications link 1 1 thai 
is in conmiunication with the module 13 of the process management system L 

Also, the process management system 1 £)r an «ctnider 100 includes 
sensor assembly 125 that is in communication with the joining chamber 118. Thus, 
5 the sensor assembly 123 can conqsrise a single multi-puipose sensor. Alternatively, 
the sensor assembly 125 comprises multiple sensor assemblies each of which can 
measure and monitor one or more of heat applied, temperature of the raw material 
melt, and pressure applied or developed at the joining chamber 1 1 S. 

The sensor assembly 125 may also be capable of controlling at least 
1 0 one of a temperature of the unit 1 18, heat applied to the raw material and raw material 
melt, temperature of the raw material melt, and pressure applied or developed at the 
joining chamber 118. For example, if the sensor assembly 125 comprises a 
thermostat, the controlling feature permits that sensor assembly 125 to adjust the heal 
applied al the joining chamber 1 18. Further, if the sensor assembly 12S comprises n 
1 5 pressure-sensing device, the controlling feature may permit adjustments of the applied 
or developed pressure at the jouung chamber U8» This oontiolliiig fiinction can be 
automatically provided by at least one of the process management system 1, extruder 
100 operator after being alerted by the process management system 1, and service 
center 20, as described hereinafter. Each sensor assembly 125 is connected to a 
20 communicarions link 11 that is in communication with the module 13 of the ptwess 
management system 1 . 

In an extruder 100 for a process management system 1, each general- 
diaping unit 131 or 132 also is provided with at least one sensor assonbly 126, The 
sensor assembly 126 is in conununication with the general-shaping unit 131 or 132 

25 and monitors at least one of a temperature of the unit 13 1 or 132, applied heat of the 
raw material melt, and pressure applied or developed. Thus, the sensor assembly 126 
can comprise a single multi-purpose sensor. Alternatively, the sensor assembly 126 
comprises multiple sensor assemblies each of which can measure and monitor one or 
more of beat ^plied, temperature of the raw material melt, and pressure ^plied or 

30 developed at the general-shaping unit 1 3 1 or 1 32. 

The sensor assembly 126 may also be capable of controlling heat 
qjplied to the raw material and raw material melt, temperature of the raw material 

14 
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melt, aad pressure applied or developed at the general-shaping unit 131 or 132. For 
example^ if the sensor assembly 126 comprises a thennostat, the conttolling feature 
pennits that sensor assembly 126 to adjust the heat applied at the general-raping unit 
131 or 132. Further, if &c sensor assembly 126 comprises a pressure-scnsizig device, 
5 the controlling feature may pennit adjustments of the applied or devdoped pressure at 
the general-shaping unit 131 or 132« This controlling function can be automatically 
provided by at least one of the process management system 1, extruder 100 operator 
after being alerted by the process mamgiement system U and service center 20, as 
described hereinafter. Each sensor assembly 126 is connected to a communications 
10 link 11 that is in communication with the module 13 of the process management 
system 1. 

The final unit 140 of the extruder 100 also comprises at least one 
sensor assembly 127. The sensor assembly 127 is in communication with the final 
shaper 140 and monitors at least one of a tenqierature of the unit 140, heat applied or 

15 removed, temperature of the raw material melt, and pressure applied or developed at 
the final unit 140. Thus, the sensor assembly 127 can comprise a single multi-purpose 
sensor. Alternatively, die saisor assembly 127 comprises multiple sensor assemblies 
each of which can measure and monitor one or more of heat applied or removed, 
temperature of the raw material melt, and pressure applied or developed at the final 

20 unit 140. 

The sensor assembly 127 may also be capable of controlling heat 
applied or removed to die raw material and raw material melt, tftnperature of the raw 
material melt, and pressure qjplied or developed at the final unit 140. For example, if 
the sensor assembly 127 comprises a thermostat, the controlling feature permits that 

25 sensor assembly 127 to adjust the heat applied or removed at the fuial unit 140, 
Further, if the sensor assembly 127 comprises a pressure-sensing device, the 
controlling feature may permit adjustments of the applied or developed pressure al the 
final unit 140. This controlling fimction can be automatically provided by at least one 
of the process management system 1, extruder 100 operator after being alerted by the 

30 process management system 1^ and service center 20, as described hereinafter. Each 
sensor assembly 127 is connected to a comimmioations link 11 that is in 
communication with the module 13 of the process management system 1. 
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The roller assembly 150 is also provided with at least one sensor 
assembly 128. The sensor assembly 128 is in communication with the roller 
assembly 150 and monitors at least one of roller speed and thus spc^ of the product 
produced, heat applied or ranoved (If any heat is applied or removed at the roller 
5 assembly ISO), temperature of the raw material melt, and pressure applied or 
developed at the toller assembly 1 SO. Thus, the sensor assembly 128 can compsrise a 
single multi-purpose sensor. Alternatively, the sensor assembly 128 comprises 
multiple sensor assemblies each of which can measure and monitor one or more of 
beat applied or removed, ^cd or number of rotations, temperature of the raw 
10 material melt» and pressure applied or developed at the roller assembly ISO. 

The sensor assembly 128 tnay also be capable of controlling heat 
applied or removed to the raw material and raw material mcltt temperature of the raw 
material melt, speed and number of rotations of a roller, and pressure applied or 
developed at roller assembly ISO. This controlling fimction can be accomplished by 
15 each sensor assembly 128 being connected to a communications link 11 that is in 
communication with the module 13 of the process management system 1, 

Further, the extruder 100 can be provided with at least one separate 
cooling device 160 that includes a sensor assembly 129. The sensor assembly 129 
monitors at least one of cooling medium applied and temperature of the final extruded 
20 product, temperature, and flow rate of the cooling medium. Thus, the sensor 
assembly 129 can comprise a single multi-purpose sensor. Alternatively, die soisor 
assembly 1 29 comprises multiple sensor assemblies, each of which can measure and 
monitor process variables at the separate cooling device 160. 

The sensor assembly 129 may also he capable of controlling process 
25 variables at the s^Tarate cooling device 160. For example, if the sensor assembly 129 
comprises a thermostat, the controlling feature pemoits that sensor assembly 129 
adjust the temperature or flow rate of the cooling medium applied at separate cooling 
device 160. This controlling function can be automatically provided by at least one of 
the process management system 1, extruder 100 operator after being alerted by the 
30 process management system 1, and service center 20, as described hereinafter. Each 
sensor assembly 129 is connected to a communications link 11 that is in 
communication with the module 13 of the process management system 1. 

16 
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The process managemeat system 1 is also provided with ao additional 
final product seosor assembly 221 that is generally illustrated in Fig. 3. The final 
product sensor assembly 221 is connected to a communications link U that is in 
communication with the module 13 of the process management system 1. The final 
5 product sensor assembly 221 is used to measure, monitor, and determine physical and 
material characteristica of the final pioduet of the process management system 1. For 
example* If the process machine comprises an extruder 100, such as but not limited to 
a pipe extruder, the final product sensor assembly 221 of the process managemeni 
system 1 can measure at least one of the pipe thickness, the pipe's inner diameter, the 

10 pipers outer diameier, the pipe's weight per unit length, the pipe's density, and 
various physical characteristics of the pipe including^ but not limited to tensile 
strength, impact strength, yield stress, fixture stress^ ovalily, and su-ength-to-wcight 
ratios. The above listing of final product characteristics that the fuial product sensor 
assembly 221 of the process management system 1 can measure is merely exemplary, 

1 5 and is not intended to limit the invention in any manner. For eicample, the sensor 221 
can determine quality measures for the product. The scope of the invention includes 
the final product sensor assembly 221 capable of measuring and monitoring other 
final prodxict characteristics, as determined by the machine cperalor and the pnx:ess 
management system operator, 

20 The process machine process variable signals and the fmal product 

characteristic signals (hereinafter '"process management system signals'^ from the 
various sensor assemblies 12, 121-129, and 221 are transmitted to process machine 
data module 13 via the communications links 11. The signals may be sent directly 
through the process machine data module 13 to the machme operator control unit 15, 

25 in which the process madiine data module 13 acts merely as a conduit and does not 
interact with or delay the signals in any way. Accordingly, the signals are transmitted 
to the machine operator control unit 15. 

Alternatively, the signals may be stored in the process machine data 
module 13 for a time period, after which they are transmitted to the machine operator 
30 control unit IS. Further, as another alternative, the signals may be stored and 
complied in the process machuie data module 13, and then transmitted to the machine 
operator control unit IS, in which the transmission to the machuie operator control 
unit 15 may occur with or without a time delay. 

17 
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The transmission of the signals iiom the process machine data module 
13 and machine operator control unit 15 to the control unit 40 is transmitted over 
communications links 11. The control unit 40 is programmed to operate, and 
alternatively comprises software^ &r data acquisition, data mining, and analysis 
5 software, that enable process analysis and decisions to be made. The control unit 40 
alternatively can comprise an appropriate solid-state device that can collect process 
data, evaluate, and analyze process data. 

At least one of the machine operator control unit 15 and the contfx)! 
unit 40 is capable of being programmed to operate, and alternatively comprises 

10 software, for data acquisition, data mining, and analysis software, that enable analysis 
and decisions to be made. The control unit 40 comprises any appropriate high- 
powered solid-state switching device. As illustrated, the control unit 40 can be a 
computer. However, Uus type of control unit 40 is merely 6xeirq>Iaiy of an 
appropriate high-powered control unit that is within the scope of the invention. For 

15 example but not limiting of the invention, the control unit 40 comprises at least one of 
a silicon controlled rectifier (SCR), a thyristor, MOS-controlled thyristor (MCT) and 
an insulated gate bipolar transistor. In the illustrated embodiment, the control unit 40 
is implemented as a single special purpose integrated circuit, such as ASIC, having a 
main or central processor section for overall, system-level control, and separate 

20 sections dedicated to performing various difTcrcnt specific combinations, functions 
and other processes under conHol of the central processor section. It wiU be 
appreciated by those skilled in the art that the control unit 40 can also be implemented 
using a variety of separate dedicated or programmable integrated or other electronic 
circuits or devices, sudi as hardwired electronic or logic circuits including discrete 

25 element circuits or programmable logic devices, such as PLCs, PLDs, PALs, PLAs or 
the like. The control unit 40 can also be implemented using a suitably progranmied 
general-purpose computer, such as a microprocessor or microcontrol, or other 
processor device, such as a CPU or MPU, either alone or in conjunction with one or 
more peripheral data and signal processing devices. A distributed processing 

30 architecture provides enhanced data/signal processing capability and speed. 

At least one of the machine operator control unit IS and the control 
unit 40 can include software for data acquisition, data mining, and data analysis. The 
software enables process analysis, as embodied by the invention. The software also 
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enables manufacturing and process planning, predicting process planning, and process 
variable plannii^ decisions to be made based on annlyzed and evaluated infbmfiation. 
At least one of the machine opeiator control unit 15 and the control unit 40 can be 
capable of recording, storing, and transmittmg the machine process variables. The 
5 machine process operations can be recorded, sometimes automatically^ and can 
provide a historical record of the extmder's operation. 

At least one of the machine operator control unit IS and the control 
unit 40 can include and develop, transfer Actions to analyze and evaluate the process 
variable and other process management system 1 information. The transfer functions 

10 include, but are not limited to, manuiacluring transfer functions. The transfer 
functions typically are regression analysis operations that model machine operation 
based on production, process variables, and other process-related factors. The transfer 
functions enable individual features, such as, but not limited to, machines, of the 
process management system 1 to evaluate and analyze process variables so as to 

1 5 enhance process variables during the operation of the process machine. 

A manufacturing transfer function* as embodied by the invention, 
relates process variables during production. The manufkcLuring tnmsfer function may 
include process variable prediction analytical tools (hereinafter PVAT) that can relate 
process variables to each other and other process management system 1 information 
20 for production at a desired level of efficiency. 

The PVATs develop transfer functions that analyze and evaluate the 
process managem^t system 1 information. The PVATs may also include predictive 
analytical tools that enable the process management system 1 to predict estimated 
future process needs, costS) prices, and other operations based on process variables 

25 and process management systrai 1 information. The transfer functions arc dependent 
on the process variables, the final product, and its desired specifications and raw 
matmals. The control unit 40 can £^ly the PVATs to analyzed product and process 
variable information for development of transfer fimctions. These PVAT-developed 
transfer functions can be used to enhance production and developm^t of the process 

30 man^ement system I, and can also modify themselves, if needed, as a result of past 
performance of the process management system L The PVAT-developed, modifying, 
transfer functions can be developed and updated through process variable analysis, 
product analysis information, critical to quality (CTQ) variables, and other process 
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variables. For example, die PVAT-developed, modifying, transfer functions can be 
developed and modified through Design-Of-Experiments (DOEs)» as known in the art. 

A further process management sy&tem 1 benefit arises fix>m at least one 
of the machine operator control unit 15, the control unit 40, and the service center 20 
5 applying quality-related, analytical tools to the process infonnation. These quality- 
related, analytical tools include tools that develop the transfer functions, such as those 
described above, to evaluate and analyze ptx^cetts information through statistical 
analysis, DOE methodology, and quality control tools* The applied statistical analysis 
determines process capability, possible process errors, and process management 
10 system effectiveness. The applied statistical analysis relies upon infomfiation 
measurement and analysis procedures, tools, equations, and methodology, such as, but 
not limited to, those described in Six Sigma ProductivUy Analysis and Process 
Characterization, Mikel J. Hairy and J. Ronald Lawson, Addison-Wesley Publishing 
Co., 1992, 

15 The process management system 1 further provides the service center 

20 in communication with the machine opo^or control unit 15, control unit 40, and 
web site 30 (to be described hereinafter). The service center 20 may also be in 
communication with the process machine 10, module 13, raw material information 
data 50, and raw material vendor information 60. The service center 20 may be in 

20 communication with these features of the process management system 1 over 
communications links IL The service center 20 provides customer service, and 
monitors analyzed information and can perform fiirther evaluation of the analyzed 
information, as needed. For example, the aruilyzed information can be further 
evaluated for quantifying inventory trends, process trends, and process enhancement. 

2S A process management system 1 benefit arises fixmi the service center 

20 being capable of monitoring analyzed infonnation. The service center 20 can then 
provide customer service, and further monitoring, analyzing, and evaluation of the 
infonnation for the process management system 1 . The service center 20 may notify 
one or both of the machine operator and process management system owner, if 

30 desired, so as to enable interaction and updating, changing or otherwise modifying 
and controlling the evaluation and analytical operations of the process, in addition to 
the control of the process machine. Accordingly, the process management system 1 

20 



06.06.2007-17:14 



♦49 9Z83 77 512633 



REHAUl 



S. 35/^7 



WO 01/44889 PCT/USW32790 

cm control the machine and associated process within preset variable ranges, which 
enhance efficiency of tho process machine's operations and product output 

At least one of the machine operator control unit 13, control unit 40, 
and service center 20 can send al^ to the machine operator and process management 
5 system owner if a "critical'* event occurs. These critical events mcludc, but are not 
limited to, extreme energy or raw matoial shortages or surpluses, process variables 
that are outside of desired operational ranges, and other such information that may 
influence the process. The alerts can be sent automatically by each of the machine 
operator control unit 15, control unit 40, and service center 20, and may also be seat 
10 manually. The alerts, which can include updates to previous alerts, are sent by any 
appropriate communication mode, such as, but not limited to, regular mail, e-mail, 
telephone call, pages, facsimile, bitemet messages, and similar communications. 

At least one of the machine operator control unit 15 and the control 
unit 40 and possibly die service center 20 can applies predictive engineering tools to 

15 the analyzed inventory information that will assist plant management in developing 
transfer fimctions concerning process management for a process man^ement system 
1 benefit. The transfer functions are used to enhance set-up and operation of tho 
components of the process management system 1, such as, but not limited to, the 
machines, and to fmther monitor and modify, if needed, perfonnance. The transfer 

20 functions arc developed through analysis of process operation, critical to quality 
(CTQ) variables, and other variables in the process managemicnt system. For 
example, the transfer functions for the process management system 1, as embodied by 
the invention, can be developed through design-of-e^qyerimmts (DOEs). 

The process management system 1 will monitor the machme's 
25 operation and processes associated with the machine, identify controlling variables 
and process variable information, promote higher yield and quality through an 
understanding of process variations on the operation of the machine; and document 
changes and process improvem^. The documentation can be made available to the 
machine operator via any appropriate communications link 1 1 , 

30 The process management system 1 may provide its analyzed and 

evaluated process variable information to tiie machine operator, process manag^ent 
system, and other parties over a network, such as but not limited to the Internet, a 
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web-based system, or other such information providing mode. The information- 
providing mode should be able to provide the process variable infonnadon on a real- 
time or near real-time basis. Figure 4 is an illustration of an exemplary web page 200 
that can be produced by the process management system 1, as embodied by the 
5 invention. In Fig» 4, the web page can include any number of boxes 201-204, each of 
which provides at least one process variable as a fimction of time or another process 
variable. Figure 4 illustrates four such boxes of particular process variables, however 
the number of boxes and the process variables are merely exemplary and are not 
meant to limit the invention in any manner. The web page 200 is generated at 

1 0 iniervals that reflect the operation of the process management system 1 . For example, 
and in no way limiting of the invention, the web page 200 may be generated in real - 
time so to pennit instantaneous process variables to be shown. Alternatively^ the web 
page 200 may be re-gcnerated (often referred to in the ait as '"refreshed") at regular 
time intervals, such as every minute, 30, or IS seconds. Alternatively, the web page 

IS 200 can be refreshed as desired by the machine operator or the process management 
system owner. 

The process variable information can also be stored by the process 
management system 1 for archival reasons. Thus, if a party requests production 
information of a product from the process machine 10 on a certain dale and time, the 
20 information can be readily and quickly retrieved by the process management system 
1. Further, the process variable information can be reviewed for general production 
trends, such as by quality tools and any related transfer functions, for process 
variatiorL 

The process management system 1 can further analyze process variable 
25 information for minimizing process variations and enhancing process operation 
conditions. The process management system 1 can include predictive engineering 
tools, which can enable the defmition, development, and implementation of tnmsfer 
functions and data mining algorithms. Furth^» predictive engineering tools, transfer 
functions^ and data mining algorithms of the process management system 1 may be 
30 used to identify manufacturing limits beyond which defects may produced, and 
interpretation of the manufacturing response and variations during production. 

While various embodiments are described herein, it will be ^prcciated 
from the specification that various combinations of elements, variations or 
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improvements therein may be made by those skilled in the art» and are within the 
scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A monitoring system (1) for at least one of monitoriDg and 
controlting operaticm of a machine (1 0), the system compriding: 

at least one sensor (12, 121, 122, 123, 124, 125, 126, 127, 128, 129) 
5 assembly capable of being disposed on the machine for at least one of sensing, 
monitoring, and transmitting machine process variables of the machine, the at least 
one sensor assembly is equable of transmitting signals concerning the machine 
process variables; 

al least one machine operator control unit (15) that is capable of 
10 receiving signals transmitted firom the at least one sensor assembly, the at least one 
machine operator control unit being capable of generating inibnnation concenung 
machine process variables; 

at least one process management system control unit (40) that is 
capable of being connected to the at least one machine operator control unit; 

15 at least one communications link (11) that interconnects die at least 

one sensor assembly on the machine, fhe at least one machine operator control unit, 
and the at least one process managemoit system control unit, each communications 
link capable of enabling the at least one process management system control unit to 
obtain the information concerning machine process variables; 

20 wherein at least one of the at least one process management system 

control unit and die machine operator control unit is capable of analyzing and 
evaluating machine process variables to control the operation of the machine. 

2. A system according to claim 1, wherein the at least one 

communications link comprises a network connection. 

25 3. A system according to claim 1, wherein the communications link 

comprises an internet connection, 

4. A system according to claim 1, wherein the communications link 
comprises at least one of: 
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a phone modem connection, radio communication connection, network 
communication connection, wireless communication system connections, cellular 
communication connection5 satellite communication connection, web connection, and 
Internet connection, and combinations thereof. 

5 5. A system according to claim 1, wherein at least one of the process 

management system control unit and the at least one machine operator control unit 
comprises means for statistically analyzing and evaluating machine process variables. 

C. A system according to claim 1, wherein the at least one process 
management system control unit comprises a computer. 

10 7. A system according to claim 1 , wherein the at least one machine 

operator control imit comprises a computer. 

8. A system according to claim U wherein the system provides real- 
time machine process variables to at least one of the process management system 
control unit and the machine operator control unit. 

15 9. A system according to claim 1, wherein the system provides 

historical machine process variable characteristics. 

10. A system according to claim 1, wherein the information 
concerning machine process variables is automatically generated. 

11. A system according to claim 10» wherein the infonnation is 
20 automatically generated at regular intervals. 

12. A system according to claim 1, wherein the machine process 
variable information comprises at least one of real-time machine process variable 
infoimarion, historical machine process variable information, and a combination of 
real-time and historical machine process variable information. 

25 13. A system according to claim 1, further compris^g at least one 

of a raw material data source unit (50), a raw material vendor source unit (60), and a 
market information source tmit (70), at least one of the raw material data source unit, 
a raw material vendor source unit, and a market in£>rmation source unit being 
connected to at least one of the process management system control imit and the 
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machine operator control unit to transmit raw material intbroation, a raw material 
vendor mformation, and a market information thereto. 

1 4. A system according to claim 1 , the system further comprising a 
web site that is capable of displaying the machine process variable infonnation from 

5 at least one the process management system control unit and the machine operator 
control unit. 

15. A system according to claim 1, wherein at least one of the 
process management system control unit and the machine operator control unit is 
culpable of data acquisition, data mixung, and data analysis of machine process 

10 variables. 

16. A system according to claim 1, wherein at least one of the 
process management system control unit and the machine operator control unit is 
capable of developing and modifying transfer functions. 

17. A system according to claim 16, wherein the transfer functions 
15 can be developed and updated through evaluation and analysis of at least one of 

machine process variables, pnxiuct analysis infoimation. and critical to quality (CTQ) 
variables. 

1 8. A system according to claim 16, wherein the transfer functions 
can be developed and modified through design-of-cxpcrimcnts analysis. 

20 19. A system according to claim 16, wherein at least one of the 

process management system control unit and the machine operator control unit is 
capable of applying quality-related, analytical tools to the machine process variables. 

20. A sj^em according to claim I, wherein each sensor assembly 
is disposed on a component of the machine to sense, monitor, and transmit machine 

25 process variables of the component, wherein the each sensor assembly can control 
operation of the respective component to change machine process variables. 

21. A system according to claim 20, wherein each component is 
designed to operate in a machine process variable range, and the sensor assembly 
transmits machine process variables to at least one of the process management system 

30 control unit and the machine operator control unit» the at least one of the process 

management system control unit and the machine operator control unit evaluates and 
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analyzes (he machiue process variables from the sensor and deteimiaes if the machine 
process variable is within the macbime process variable ran^. 

22. A system according to claim 21. wherein if the at least one of 
the process management system and the machine operator control unit evaluates and 
5 analyzes the machine process variables from the sensor and detemrines if the machine 
process variable is within the machine process variable range, machine operation is 
continued, and if the at least one of the process management system control unit and 
the machine operator control unit evaluates and analyzes the machine process 
variables from the sensor and determines if the machine process variable is not within 
1 0 the machine process variable range, the process management system control unit and 
the machine operator control unit conununicate with the sensor assembly to control 
the machine process variables of the machine component so the machine process 
variables are within the machine process variable range. 

23' A system according to claim I, wherein the machine comprises 

15 an extruder. 

24. A system according to claim 23, wherein the extruder 
comprises foam-forming unit (101) and the skin-foxming unit (102), each of the foam- 
forming unit and the slcin-forming unit comprising a sensor assembly. 

25. A system according to claim 23, wherein the extruder 
20 comprises at least one of a receiving chamber, a motive device that moves material in 

the extruder, units that apply heat to material in the extruder, units that apply or 
develop pressure on the material in the extruder, a joining chamber that forms an 
intermediate extruder product material, general-shying chambers that extrude an 
intermediate product, a final unit that shapes or cools the extruded product, a final 
25 motive device that moves the extruded product from the extruder, and a cutting device 
for separating the extmded product into desired lengths, 

wherein each of the at least one at least one of a receiving chamber, a 
motive device that moves material in the extruder, units that apply heat to material in 
the extruder, units that apply or develop pressure on the material in the extruder, a 
30 joinmg chamber that forms an intermediate extruder product material, general-shaping 
chamber? that extrude an intermediate product, a final unit that shapes or cools the 
extruded product, a final motive device that moves the extruded product from tiie 
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extruder, aiKl a cutting device for separating the extmded product into desired lengths 
comprises a respective sensor assembly. 

26. An extruder apparatus connected to the system according to 

claim 1. 

5 27. A system (1) fdx at least one of monitoring and controlling 

operation of a machine (10), the system comprising; 

sensor means (12, 121, 122, 123, 124, 123, 126, 127, 128, 129) that is 
disposed on the machine for at least one of sensing, monitoiing, and transmitting 
machine process variables of the machine, the sensor means being capable of 
1 0 transmitting signals concerning the machine process variables; 

machine operator contzol means (IS) for receiving signals transmitted 
from the sensor means, the machine opemtor control means being capable of 
generating information concerning machine process variables; 

process management system control unit means (48) for being 
1 5 connected to the machine operator process management system control unit means; 

communications link means (11) for interconnecting the sensor means 
on the machine^ the machine operator process management system control unit means, 
and the process management system control unit means, each communicatioos link 
means enabling the control unit means to obtain the information concerning machine 
20 process variables; 

wherein at least one of the control unit means and the machine operator 
process management system contzol unit means is capable of analyzing and evaluating 
machine process variables to control the operation of the machine. 

28. A system according to claim 27, wherein the communication 
25 means comprises an Internet coimection. 

29. A system according to claim 27, wherein the communications 
link means comprises at least one of: 

a phone modem connection, radio communication cozmection, network 
communication connection, wireless communication ^stem connections, cellular 
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conununication connection, sntellite communication connection, web connection» and 
Internet camiectioii, and combinations thereof. 

30. A system according to cbdm 27. wherein the control unit means 
comprises a computer. 

5 31, A system according to claim 27, wherein the machine operator 

process management system control unit means comprises a computer. 

32. A system according to claim 27, wherein the system provides 
rcal-dme machine process variables to at least one of the control unit means and the 
machine operator process management system control unit means. 

10 33. A system according to claim 27» wherein the system pn)vides 

historical machine process variable characteristics. 

34* A system according to clahn 27, wherein the information 
concerning machine process variables is automatically generated. 

35. A system according to claim 27, wherein the infoimation is 
1 5 automatically generated at regular intervals. 

36. A system according to claim 27, wherein the machine process 
variable information comprises at least one of real-time machine process variable 
inforaiation, historical machine process variable information, and a combination of 
real-time and historical machine process variable infonnation, 

20 37. A system according to claim 27, further comprising at least one 

of a raw material data source unit (SO), a raw material vendor source unit (60), and a 
market information source unit (70), at least one of the raw material data source unit, 
a raw material vendor source unit, and a market information source unit being 
connected to at least one of the control unit means and the machine operator process 

25 management system control unit means to transmit raw material infoTTnatian, a raw 
material vendor information, and a market infonnation thereto. 

38. A system according to claim 27, the system further comprising a 
web site means for displaying the machine process variable information from at least 
one the control unit means and the machine operator process management system 
30 control unit means. 
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39. A system according to claim 27, wherein at least one of the 
control unit means aEid the machine operator process management system control unit 
means is capable of data acquisition, data mining, and data analysis of machine 
process variables. 

5 40. A system according Co claim 27, wherein at least one of the 

control unit means and the machine operator process management system control unit 
means is capable of developing and modifying transfer fiinctions. 

4L A system according to claim 40, wherein the transfer functions 
can be developed and updated through evaluation and analysis of at least one of 
1 0 machine process variables, product analysis information, and critical to quality (CTQ) 
variables. 

42. A system according to claim 40, wherein the transfer functions 
can be developed and modified through design-of-experiments analysis. 

43. A system according to claim 27, wherein at least one of the 
1 5 control unit means and the machine operator process management system control unit 

means is capable of flying quaUty-related, analytical tools to the machine process 
variables. 

44. A system acooiding to claim 27, wherein each sensor assembly 
means is disposed on a component of the machine to sense, monitor, and transnoit 

20 machine process variables of the componeatt wherein the each sensor assembly means 
can conLiol operation of the respective component. 

45. A system according to claim 44, wherein each component is 
designed to operate in a machine process variable range, and the sensor assembly 
means transmits machine process variables to at least one of the control unit means 

25 and the machine operator process managemoit system control unit means, the at least 
one of the control unit means and the machine operator process management system 
control unit means evaluates and analyzes the machine process variables from the 
sensor assembly means and determines if a machine process variable is withm the 
machine process variable range. 

30 46. A system according to claim 46, wherein If the at least one of the 

control unit means and the machine operator process management system control unit 
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means evaluates and analyzes the machine process variables from fhe sensor and 
detennines if the machine process variable is within the machine process variable 
range, machine oprntion is continued, and if the at least one of the process 
management system control means and the machine operator control mwis evaluates 
5 and analyzes the machine process variables from the sCTsor and determines if the 
machine process variable is not within the machine process variable range, the process 
management system control means and the machine operator control unit means 
communicate with the sensor assembly to control the machine process variables of the 
machine component so the machine process variables are within the machine process 
10 variable range. 

47. A system according to claim 27, wherein the madiine comprises 

an extruder. 

48. A system according to claim 47. wherein the extruder comprises 
foam-fbrming unit and the skin-forming unit, each of the foam-forming unit and the 

1 5 skin-fbrming unit comprising a sensor assembly. 

49. A system according to claim 47, wherein the extruder comprises 
at least one of a receiving chamber, a motive device that moves material in the 
cxtroder^ units that apply heat to material in the extruder, units that apply or develop 
pressure on the material in the extruder, a joining chamber that forms an intermediate 

20 extruder product material, general-shaping chambers that extrude ao inteniiediate 
product, a final unit that sbqies or coob the extruded product, a final motive device 
that moves the extruded product from the extrader, and a cutting device for separating 
the ^truded product into desired lengdis, 

wherein each of the at least one at least one of a receiving chamber, a 
25 motive device that moves material in the extruder, units that apply heat to material in 
the extruder, units that apply or develop pressure on the material in the extruder, a 
joining chamber that foncns an intermediate extruder product material, general-shaping 
chambers that extrude an intBrmediatc product, a final unit that shapes or cools the 
extruded product, a final motive device that moves the extruded product from the 
30 extroder, and a cutting device for separating the extruded product into desired lengths 
comprises a respective sensor assembly. 

50. An extruder ^paratus connected to the system accordmg to 

claim 27. 
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51. A method for at least one of monitoiing and controlling 
operation of a machine (10), the method comprising: 

disposing at least one sensor assembly (12, 12U 122, 123, 124, 123, 
126, 127, 128, 129) on the machine; 

5 sensing, monitoring, and transmitting machine process variables of the 

machine; 

connecting each sensor assembly to a process management system 
control unit (15) and a machine operator control unit (40); 

receiving signals transmitted fiom the at least one sensor assembly by 
10 at least one of the process managonent system control unit and the machine operator 
control unit; 

generating information concerning machine process variables by at 
least one of the process managemeni system control unit and the machine operator 
control uni^ 

15 analyadng and evaluating machine process variables by at least one of 

tiie at least one process management system control unit and the machine operator 
control unit to control the operation of the machine. 

52. A method according to claim 51, wherein the step of connecting 
comprises cstablishmg a network connection. 

20 53. A method according to claim SI, wherein the step of connecting 

comprises establishing an Internet connection. 

54. A method according to claim 51, wherein the step of connecting 
comprises establishing a communications Imk over at least one of: 

a phone modem connection, radio communication connection, network 
25 communication connection, wireless communication system connections, cellular 
communication connection, satellite conmmnication cotmection, web connection, and 
Intetnet connection, and combinations thereof. 
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55. A method according to claim 51, wherein the Aep of analyzing 
and evaluating comprises stadsrically analyzbg and evaluating machine process 
variables. 

56. A method according to claim S1> wherein the method provides 
5 real-time machine process variables. 

57. A method accordiag to ckiiin 51, wherein the method provides 
historical machme process variable charact^iatica. 

58. A method according to claim 51, wherein the infonnation 
concerning machine process variables is automatically generated. 

10 59. A method according to claim 5 1, wherein the step of generating 

comprises automatically generating infbrmatian at regular intervals. 

60. A method according to claim 51, wherein the machine process 
variable infimnation ccmiprises at least one of real-time machine process variable 
information^ historical machine process variable information, and a combination of 

1 5 real-time and historical machine process variable information. 

61. A method according to claim 5t, further providing the process 
management system control unit and the machine operator contiDl unit with at least 
one of a raw material data source unit, a raw material vendor source unit, and a market 
information source unit, at least one of the raw material data source unit» a raw 

20 material vendor source unit, and a mari^et information source unit bdng connected to 
at least one of the process management system control unit and the machine operator 
control unit to transmit raw material infonnation, a raw material voidor information, 
and a market information thereto. 

62. A method according to claim 51, further comprising the step of 
25 displaying machine process variable information on a web site. 

63. A method according to claim 51, wherein the step of evaluating 
and analyzing the machine process variables comprises at least one of data 
acquisition, data mining, and data analysis. 

64. A mediod according to claim 51, wherein the step of evaluating 
30 and analyzing further comprises developiz^ and modifying transfer functions. 
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65. A method according to claim 64, wherein the step of developing 
and modifying transfer functions comprises developing and updating transfer 
functions through evaluation and analysis of at least one of machine process variables, 
product analysis infbmiation* and critical to quality (CTQ) variables. 

5 66. A method according to claim 64, wherein the step of developing 

and modifying transfer fimctions coiiq)rises developing and modifying the transfix 
functions through design-of-experiments analysis, 

67. A method acooidiog to claim SI, wherdn the step of developing 
and modifying transfer functions comprises applying quality-related, analytical tools 

10 to the machine process variables. 

68. A method according to claim 51, further comprising the step of 
controUiz^g operation of a component of the machine upon which a sensor assembly is 
disposed, the step of controlling comprising sensing, monitoring^ and transmitting 
machine process variables from the sensor assembly, wherem the each sensor 

15 assembly can control operation of the respective component to change machine 
process variables. 

69. A method according to claim 69, whereb each component is 
designed to operate in a machine process variable range, and the sensor assembly 
transmits machine process variables to at least one of the process management system 

20 control unit and the machine operator control unit, the at least one of the process 
management system control unit and the machine operator control unit evaluates and 
analyzes the machine process variables fiom the sensor and determines if the machine 
process variable is within the machme process variable range. 

70* A method according to claim 21, wherein if the at least one of the 

25 control process management system control unit and the machine operator control 

unit evaluates and analyzes the machine process variable fiom the sensor and 

determines if tiw machuie process variable is within the machine process variable 

range, machine operation is continued, and if the at least one of the process 

management system control unit and the machine operator control unit evaluates and 

30 analyzes the machine process variables from the sensor and determines if the machine 

process variable is not within the machine process variable range, the process 

management system control unit and the machine operator control unit communicate 

with the s^isor assembly to control the machine process variables of the machine 
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component so the xnachixie process variables arc within the machine process variable 
range. 

7L A method according to claim 31, whcictn the machine comprises 

an extruder* 

5 12. A method according to claim 72, wherein the extruder comprises 

foam-fonning unit and the skin-fonning unit, each of ttie foam-fozming unit and the 
sldn-fonning unit comprising a sensor assembly. 

73. A method according to claim 72, wherein the extnider comprises 
at least one of a receiving chamber^ a motive device that moves material in the 

10 extruder^ miits that ^ply heat to material in the extruder, units that qiply or develop 
pressure on the material in the extruder, a joining chamber that forms an intermediate 
extruder product mat^al, general-shapiog chambers that extrude an intermediate 
product, a final unit that shapes or cools the extruded product, a final motive device 
that moves the extruded product from the extruder, and a cutting device for sq»arating 

IS the extruded product into desired lengths, 

wherein cac^ of the at least one at least one of a receiving chamber, a 
motive device that moves material in the «truder, units that apply heat to material in 
the extruder, units that apply or develop pressure on the material in the extnider, a 
joining chamber diat fonns an int^mediate extruder product material, general-shaping 
20 chambers that extrude an intemiediate product, a final unit that shapes or cools the 
extruded product, a final motive device that moves the extruded product from the 
extruder, and a cutting device &r separatLng the extruded product into desired lengths 
comprises a respective sensor assembly. 

74. A method for domg busmess comprising the method of claim 51. 

25 7S. A business method for providing a business service comprising 

the mediod of claim 
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MACHINE MANAGEMENT SYSTEMS AND 
MONITORING METHODS 

ABSTKACT OF THE DISCLOSURE 

A motiiloring system (I) for at least one of monitoriiLg and controlling 
operation of a machioc (10) comprises at least one sensor assembly (12, 12U 122, 
123, 124. 125, 126, 127, 128, 129) capable of being disposed on the machine for at 
least one of sensing, moaitoring, and transmitting machine process variables of the 
S machine, the at least one sensor assembly is capable of transmittii^ signals 
concerning the machine process variables; at least one machine operator control unit 
that is capable of receiving signals transmitted from the at least one sensor assembly, 
the at least one machine operator control unit being capable of generating infonnation 
concerning machine process variables; at least one process management system 

10 control unit that is capable of being connected to the at least one machine operator 
control unit; at least one oomnranications link that interconnects die at least one 
sensor assembly on the machine, the at least one it^achinc operator contiol and 
the at least one process managraent system control unit, each communications Imk 
capable of enabling die at least one process managmxcot system control unit to obtain 

IS the information concerning machine process variables. At least one the process 
management system control unit and the machine operator control unit is capable of 
analyzing and evaluating machine process variables to control the operation of the 
machine. The invention also sets forth a method of monitoring. 
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